Introduction: The aim of this study was to assess the trends and correlates of waterpipe use between 2009 and 2017 in the 28 European Union (EU) member states. Methods: We analyzed data from wave 72.3 (2009, n = 27 788); wave 77.1 (2012, n = 26 751); wave 82.4 (2014, n = 27 801); and wave 87.1 (2017, n = 27 901) of the Eurobarometer survey. Representative samples of EU residents aged ≥15 years were asked to report ever use of waterpipe. Regular waterpipe use, i.e., at least once a month was also assessed in 2017. Associations of ever and current use with sociodemographic factors were assessed with multilevel logistic regression.
Introduction
The waterpipe is a vessel with water at its base, through which charcoal-heated tobacco is smoked. Tobacco, usually flavored, is placed in the head of the vessel and is separated from the charcoal by perforated aluminum foil. 1 Due to its large size, the waterpipe is a stationery way to smoke tobacco. It dates back several centuries as a custom of Middle Eastern and South Asian cultures, although there has been a global resurgence in waterpipe tobacco use over the past few decades. 2 Waterpipe can be used to smoke a variety of substances. Evidence shows that users perceive waterpipe tobacco to be less harmful than cigarettes 3 ; however, those opting to use waterpipe to smoke tobacco expose themselves to known smoking-related toxicants, including suspected carcinogens. For example, a single session of waterpipe tobacco use may contain from 242 mg to 2350 mg of "tar", 1.04 mg to 7.75 mg of nicotine, and 57.2 mg to 367 mg of carbon monoxide, depending on the smoking protocol of the session. 4 Recent systematic reviews and meta-analyses have found significant associations between waterpipe use and respiratory and heart diseases, oral and lung cancers, and low birth weight, although the quality of evidence was considered low. 5, 6 The prevalence of waterpipe use varies widely depending on the population under study and the survey tool used. In general, waterpipe use is higher in younger age groups, males, higher socioeconomic groups, and, in Western settings, minority ethnic groups. 7 Cross-country surveys have highlighted the variability in the penetration of waterpipe among the general population. For example, an analysis of the Global Youth Tobacco Survey (GYTS) in the Middle East found that current waterpipe tobacco use among adolescents, defined as smoking at least once in the past 30 days, ranged from 2.5% in Oman to 36.9% in Lebanon. 8 The Global Adult Tobacco Survey (GATS) showed that current waterpipe tobacco use, defined as regular or occasional use, among men was highest in Vietnam (13.0%) and Egypt (6.2%) and among women was highest in Russia (3.2%) and Ukraine (1.1%). 9 In the United States, the prevalence is much lower, as only 0.6% of adults reported smoking waterpipe every day or some days in 2013. 10 On the contrary, cohesive adult data from Europe are relatively scarce compared with that published from Middle Eastern or North American settings. 2 This is important as several Eastern European countries reported a high prevalence of past 30 day waterpipe tobacco use on their GYTS (e.g., Latvia 22.7%, Czech Republic 22.1%), 8 and it is unknown if prevalence estimates among youth are greater or smaller than those for adults. Additionally, data on trends of waterpipe use across Europe are lacking in the literature. Some countries, such as Canada, 11, 12 Jordan, 13 Turkey, 14 and the United States 15 have conducted repeat cross-sectional surveys of waterpipe use; but, to the best of our knowledge, no such data for European countries have been published. Ongoing surveillance of tobacco products is imperative in order to guide and develop health policy action, especially considering the transformation of the tobacco and nicotine market with the introduction of novel products, including e-cigarettes. Therefore, the aim of this study is to measure the trends and correlates of waterpipe use between 2009 and 2017 in the 28 European Union Member States (EU MS).
Methods

Data Source
We analyzed data collected through four waves of the Eurobarometer survey: wave 72.3 (October 2009, n = 27 788); wave 77.1 (February-March 2012, n = 26 751); wave 82.4 (November-December 2014, n = 27 801); and wave 87.1 (March 2017, n = 27 901). These were the only Eurobarometer waves that contained questions on waterpipe tobacco use. All waves of the Eurobarometer survey follow a consistent sampling methodology and all data are self-reported. Primary sampling units (PSU) are selected in each country, proportional to population size. A sample of starting addresses is randomly selected in each PSU, and subsequently households are systematically selected with a standard random route starting from the initial addresses. Individuals aged ≥15 years are interviewed in their national language. Poststratification and population size weighting based on Eurostat data were applied to ensure that samples are representative at the member state and at the EU-level in terms of age, gender and area of residence. Data were collected from all 28 EU MS, with the exception of wave 77.1, in which Croatia was not included.
Measures
Waterpipe Use
All participants were asked the question "Have you ever tried any of the following products? Waterpipe (shisha, hookah)". Response options differed between waves. In 2009, response options included "Yes, I use it regularly"; "Yes, I have tried it at least once"; and "No". In 2012 and 2014, response options included "Yes, you use or used it regularly"; "Yes, you use or used it occasionally"; "Yes, you tried it once or twice"; and "No". In 2017, response options included "Yes, every day"; "Yes, every week"; "Yes, every month"; "Yes, less than monthly"; "Yes, occasionally or regularly but you stopped"; "Yes, but only once or twice"; and "Never".
We defined those who chose any answer starting with "yes" as ever users. To analyze regular use, we limited our analysis to the most recent wave as responses were not comparable between waves; regular users in 2017 were defined as those who responded that they use waterpipe every day, every week, or every month.
Current Tobacco Use
Smoking status was assessed with the question "Regarding smoking cigarettes, cigars or a pipe, which of the following applies to you?". We defined current smokers as those who chose the response "You currently smoke", former smokers as those who selected the response "You used to smoke but you have stopped", and never smokers as those who responded "You have never smoked".
First Tobacco Product Used
Respondents of the 2017 wave who had ever tried a tobacco/nicotine product were asked "which of the following products did you use or try first?" Responses included "boxed cigarettes"; "hand-rolled cigarettes"; "cigars"; "cigarillos"; "pipe"; "waterpipe (shisha, hookah)"; "oral tobacco (snus)"; "chewing tobacco"; "nasal tobacco (snuff)"; and "e-cigarettes or similar electronic devices".
Sociodemographic Characteristics
Data were collected on participants' age (15-24; 25-39; 40-54; and ≥55 years), sex (male; female), area of residence (rural; urban), and education (the age when they stopped full-time education: ≤15; 16-19; or ≥20 years old). Respondents were also asked "During the last twelve months, would you say you had difficulties to pay your bills at the end of the month…?" as a proxy of socioeconomic status. Those who responded that they had difficulties "most of the time" or "from time to time" were considered to have financial difficulties, and those who responded "almost never/never" were classified as not having financial difficulties.
Statistical Analysis
Descriptive results are presented as proportions (%) with 95% confidence intervals (95% CI), while multilevel logistic regression results are presented as adjusted odds ratios (aOR) with 95% CI. A multilevel logistic regression model, with EU MS as the higher level of analysis, was employed to assess the association between ever use of waterpipe (outcome) and sociodemographic factors, including age; sex; area of residence; education; financial difficulties; and smoking. A similar multilevel logistic regression model was fitted to assess the association between regular waterpipe use and the same sociodemographic factors. Only data from 2017 were used in both regression models. We used Bayesian Information Criterion and Akaike Information Criterion to decide which independent variables were included in the final models and in what format (categorical or continuous). Among those who were 15-39 years old and had ever tried one of the tobacco/nicotine products assessed, we estimated the percentage who responded that the first product they ever tried was waterpipe. All analyses were performed with Stata 14.0 (StataCorp). Weights provided in the official Eurobarometer datasets were used in all descriptive analyses to account for the complex design of the survey.
Results
The prevalence of ever waterpipe use across the EU MS was 11.6% (95% CI = 11.0% to 12.3%) in 2009, 15.5% (95% CI = 14.8% to 16.2%) in 2012, 16.3% (95% CI = 15.5% to 17.0%) in 2014, and 12.9% (95% CI = 12.2% to 13.6%) in 2017. It was higher among younger age groups and among males compared to females (Figure 1 ). There were wide differences between EU MS throughout the study period, with the lowest prevalence recorded in Croatia in 2009 (2.3%) and the highest in Latvia in 2012 (41.7%). In most member states, the highest prevalence was recorded either in 2012 or 2014. Across the entire study period (2009 to 2017), the prevalence of ever waterpipe use increased in 21 out of the 28 MS and the EU-wide prevalence increased by 11.2% (Table 1 , Supplementary  Figure 1 ). Regular waterpipe use was much less frequent than ever use in 2017. Overall, the prevalence of regular use across the EU was 0.9% (95% CI = 0.7% to 1.1%) in 2017. It was higher than 2% only in Austria (3.6%), Latvia (2.5%) and Belgium (2.0%).
In 2017, younger respondents were more likely to have used waterpipe, with those aged 15-24 years being 11.43 times more likely (95% CI = 10.71 to 12.21) to report ever waterpipe use compared to participants aged 55 years and older. Current (aOR = 4.10; 95% CI = 3.91 to 4.30) and former smokers (aOR = 3.22; 95% CI = 3.06 to 3.39), as well as those who stopped education when they were at least 20 years old had higher odds of ever waterpipe use. Males (aOR = 1.64; 95% CI = 1.58 to 1.70) and those living in urban areas (aOR = 1.36; 95% CI = 1.30 to 1.42) were more likely to have ever used waterpipe compared to women and those living in rural areas respectively. Associations of the above factors with regular use were similar (Table 2) .
In 2017, among all participants who had ever tried at least one tobacco/nicotine product, 2.6% (95% CI = 2.3% to 3.2%) responded that waterpipe was the first product they used. This response was more frequent among younger participants, reaching 3.3% (95% CI = 2.6% to 4.4%) among those aged 25-39 years and 11.9% (95% CI = 9.2% to 15.2%) among those aged 15-24 years. Among people aged <40 years, there was wide variation between EU MS regarding the proportion of people who had their first contact with tobacco/nicotine through waterpipe ( Table 3 ). The highest proportion was recorded in Croatia (15.2%) and Denmark (14.8%) and the lowest in Lithuania (0.6%) and Slovenia (1.5%).
Discussion
Ever waterpipe use prevalence varied greatly across EU MS with higher prevalence estimates generally found in northern and northeastern areas of the EU (e.g., Denmark, Estonia, Latvia, Sweden). Our analysis of waterpipe trends found sustained increases between 2009 and 2014 followed by a decrease in 2017, although only seven of 28 countries showed an overall decrease between 2009 and 2017. Waterpipe use was associated with males, younger age groups, higher educational attainment, urban residence, and current or former cigarette smoking.
The distribution of waterpipe prevalence across EU MS may reflect a number of underlying factors, the first of which may be the ethnic mix and culture of the country. Those with a greater proportion of ethnic minorities (particularly those from Middle Eastern and South Asian countries, where waterpipe use is more traditionally used) and a positive embracement of multiculturalism may be more likely to support the presence of waterpipe cafes, which are seen as cultural venues. The Eurobarometer surveys do not include information on race/ethnicity so unfortunately this could not be tested empirically.
A second reason may relate to the tobacco culture of each country, both in terms of its product mix and the strength of tobacco control legislation. Tobacco control legislation varies among EU MS, 16 although some regulations apply throughout the EU. The most recent EU Tobacco Products Directive, which EU MS were mandated to transpose into national legislation by May 2016 17 introduced larger health warnings on waterpipe packs and the inclusion of non-tobacco "herbal" waterpipe products under waterpipe tobacco-a significant departure from the relatively unregulated status that waterpipe had in previous years. This change may have had an impact on waterpipe use and could partly explain the decline in the prevalence of ever use between 2014 and 2017. However, the correlation of tobacco control laws with variables measuring "ever", rather than "current" tobacco use is weak. A recent study showed this for electronic cigarettes. 18 A more plausible explanation could be that both the prevalence of waterpipe use and its trends over time are largely determined by the local tobacco product mix. This is showcased by the rise of e-cigarette use, which has been increasing across the EU in recent years, but at very different rates between countries. 19 E-cigarettes share the same flavor characteristics, marketing messages/platforms, 20, 21 and perceptions of reduced harm 22 as waterpipe tobacco, and could therefore act as a substitute good to them. Regardless of shared characteristics, e-cigarettes could be replacing waterpipe tobacco as the new smoking fad, although the extent to which this is in passing or permanent remains uncertain.
We also found that waterpipe is often the first tobacco/nicotine product for young people across the EU. This may reflect their misperceptions regarding waterpipe smoking, its social acceptability and context of use, as well as the availability and access to other tobacco products, mainly cigarettes. Interestingly, the popularity of waterpipe as the first tobacco/nicotine product tried was not necessarily correlated to the prevalence of ever waterpipe use, highlighting the complexity of the tobacco market. Initiation to tobacco use follows distinctly different patterns across the EU, 23 hence countryspecific circumstances need to be explored further. Also, we could neither assess potential pathways from experimentation with waterpipe to regular tobacco use, nor explore whether waterpipe serves as a gateway to cigarette smoking. Nevertheless, the appeal of waterpipe among adolescents and young adults is a source of concern for European authorities.
In the light of this, the continued surveillance of waterpipe tobacco prevalence seems essential, but we call for a more standardized approach to measuring the frequency of waterpipe tobacco use; a consensus statement of waterpipe tobacco experts has been developed to help support such standardization. 24 We also call for the surveillance of waterpipe cafes, which could occur through routine business registration systems. These can support other surveillance tools by providing an informative and cheap way of understanding waterpipe smoking densities given that over half of use occurs at these premises. 25 Inequalities need to be explored further, especially with regards to ethnic minority usage, which was not available on these surveys.
Given the high prevalence of waterpipe use in some European settings, our findings may inform discussions on whether there has been a "substantial change of circumstances" with respect to waterpipe tobacco. This is a term used by the EU Tobacco Products Directive which allows for the reversal of legislative exemptions, and is defined as "an increase of the level of prevalence of use in the under 25 years of age consumer group by at least five percentage points in at least five Member States". 17 Although we had no data to assess trends of regular use over time and document such a change, our study can motivate further surveys and analyses among adolescents and young adults. In the case of waterpipe tobacco, a "substantial change in circumstances" could lead to flavor bans similar to manufactured and hand-rolled cigarettes.
To the best of our knowledge, our study is the first to assess trends in the prevalence and determinants of waterpipe tobacco across Europe. The analysis is strengthened through the use of nationally representative and weighted samples. This enables insightful crosscountry comparisons, the ability to control for potentially confounding variables, and is informative to policy makers and researchers. The main shortfall of this study is the lack of data beyond ever use. Ever use is a crude measure of experimentation and is merely suggestive of the public health burden. The questions used to define ever use were slightly different across waves, thus limiting analyses of frequency and patterns of use. More sensitive measures of frequency will be required in future surveys in order to assess the full burden that waterpipe tobacco poses to EU MS. Finally, the main outcome is self-reported; however due to the social acceptability of waterpipe tobacco 22 we do not expect any substantial measurement bias or underreporting to have occurred.
To conclude, about one in eight people in EU MS had ever tried waterpipe tobacco at least once in 2017, and they were more likely to be younger, more educated males who also use/have used cigarettes. Trends suggest a sustained increase in waterpipe use from 2009 to 2014, with some evidence of plateau in the most recent wave of the survey (2017). That said, there is considerable between-country variation in prevalence and trends, which require further exploration and understanding. In the meantime, our results may be useful for policy makers and researchers in the development of interventions to monitor and regulate waterpipe use.
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